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JP-A No. 2001-307966 

(54) [TITLE OF THE INVENTION] ELECTRIC DOUBLE-LAYER 
CAPACITOR, ELECTRODE BODY THEREOF, AND METHOD OF 
PRODUCING THE SAME 
(57) [ABSTRACT] 

[OBJECT] To provide an electric double layer capacitor which has excellent 
performance resistant to a deterioration caused by charge and discharge 
cycles and ensiires a highly reliable long-term operation. 

[SOLVING MEANS] In an electric double -layer capacitor having an organic 
electroljrtic solution, an electrode body in which a carbonaceous electrode 
molded into a sheet form and having activated carbon as its main 
component is bound with a current collector through a carbonic conductive 
layer containing a polycarbodiimide resin as a binder component is used. 
[SCOPE OF CLAIMS FOR PATENT] 
[Claim 1] 

An electric double-layer capacitor comprising' a sheet-shaped electrode 
containing a carbonaceous powder and a binderJ and an organic electrolytic 
solution forming an electric double-layer on the surface of the electrode, 
wherein said electrode is bound with a current collector through a carbonic 
conductive layer containing a polycarbodiimide resin as a binder component. 
[Claim 2] 

An electric double -layer capacitor according to Claim 1, wherein the 
polycarbodiimide resin is contained in an amount of 10 to 70% in the total 
weight of the carbonic conductive layer. 
[Claim 3] 
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An electric double-layer capacitor according to Claim 1 or 2, wherein the 
organic electrolytic solution is an electrolytic solution prepared by dissolving 
a quaternary onium salt in an organic solvent. 
[Claim 4] 

An electric double-layer capacitor electrode comprising a sheet-shaped 
electrode containing a carbonaceous powder and a binder, the electrode 
being bound with a cxirrent collector through a carbonic conductive layer 
containing a polycarbodiimide resin as a binder component. 
[Claim 5] 

A method of producing an electric double-layer capacitor electrode, the 
method comprising- molding a mixture of a carbonaceous powder and a 
binder into a sheet form to form a carbonaceous electrode? binding the 
carbonaceous electrode with a current collector through a carbonic 
conductive layer containing a polycarbodiimide resin as a binder component; 
and heating the resulting product at 150^C or more. 
[Claim 6] 

A method of producing an electric double-layer capacitor electrode according 
to Claim 5, wherein said conductive layer is formed by making a mixed 
powder, a slurry or a film containing a polycarbodiimide resin and a 
conductive filler to be placed on or appUed to the current collector, and said 
carbonaceous electrode is placed on the conductive layer, followed by 
hot-pressing. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD PERTINENT TO THE INVENTION] 
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The present invention relates to an electric double-layer capacitor and, 
particularly, to an electric double-layer capacitor superior in operational 
reliability and also to an electrode body used for the capacitor. 
[0002] 

[CONVENTIONAL ART] 

Electric double-layer capacitors works based on the principle that charges 
are accumulated in an electric double-layer formed in an electrolytic 
solution on the surface of a carbonaceous electrode. In order to improve the 
capacitance density of the electric double-layer capacitor, carbon materials, 
such as activated carbon, carbon black and polyacene, which have a high 
specific surface area are used. Also, there is the case where an electrode 
comprising metal or conductive metal oxide microparticles is used. In order 
to charge and discharge the carbonaceous electrode having a high specific 
siutface area efficiently, the carbonaceous electrode is bound with a layer or 
a foil called a cxirrent collector and made of, for example, metal or graphite 
which has electronic conductivity and small resistance. As the current 
collector, a valve metal such as aluminum or stainless steel such as SUS 304 
and SUS 316L having electrochemically high corrosion resistance is usually 
used. 
[0003] 

The electric double-layer capacitor includes types using an organic 
electrolytic solution or an aqueous electrolytic solution as the above 
electrolytic solution. Among these types, electric double-layer capacitors 
using an organic electrolytic solution attract attention because it is operated 
at high voltages and enables energy density to be increased in the charged 
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state. In the case of using an organic electrolytic solution, the presence of 
moisture in the electric double-layer capacitor allows the moisture to be 
electrodialyzed, bringing about a deterioration in the performance of the 
capacitor. It is therefore necessary to carry out dehydration of the above 
carbonaceous electrode to a high degree. For this, drying treatment is 
usually carried under reduced pressure and heating. 
[0004] 

As the carbonaceous electrode, activated carbon is mainly used. Since 
activated carbon has generally a powder form, it is molded into a sheet form 
in advance by using a binder containing a fluororesin such as 
polytetrafluoroethylene (hereinafter referred to as PTFE). The molded 
carbon is electrically connected with a cvirrent collector and used as an 
electrode body. In this case, there is a type in which the electrode is made 
to be in closed contact with the current collector and also the both are bound 
with each other via a conductive adhesive layer to reduce electrically contact 
resistance. However, the fluororesins are of such a nature that it is 
difficult to stick these resins and it is therefore possible to obtain large 
binding strength. 
[0005] 

The conductive adhesive layers require electrochemical corrosion resistance 
and carbon materials such as carbon black and graphite are preferably used 
as the filler that imparts electronic conductivity to these conductive 
adhesive layers. Moreover, various binder components are used in the 
conductive adhesive layer to seciure binding strength. As the binder 
component used for this purpose, celluloses and resins such as polyvinyl 
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alcohols (e.g., JP A 59-3915 and JP A 62-200715), and inorganic binder 

components such as water glass (JP-A 2-82608) are known. 

[0006] 

However, when a conductive adhesive containing the above resin as a binder 
component is used, unsatisfactory resistance to the organic electrolytic 
solution affords a possibility of the carbonaceous electrode being peeled from 
the current collector. Also, as to the heat resistance of even a binder 
having high heat resistance, the temperature at which it can stand is 
around 150°C and therefore, this binder cannot stand to dry treatment 
carried out at high temperatures. If the electric double -layer capacitor is 
used for a long period of time, there is, for example, the problem that the 
presence of residual moisture in the electric double-layer capacitor allows 
the moistiure to be electrodialyzed, bringing about a deterioration in the 
performance of the capacitor. Also, in the case of inorganic binders such as 
water glass, these binders have high heat resistance- however each has 
inferior adhesive strength to the metal current collector, giving rise to the 
problem that the performance of the electric double-layer capacitor is 
deteriorated by the elution of alkali components and residual moisture. 
[0007] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

It is an object of the present invention to solve the above prior art problems, 
and specifically, to provide an electric double -layer capacitor which can 
decrease moisture to a level as low as possible in a capacitor, particularly, in 
a carbonaceous electrode, is provided with an electrode and a current 
collector which are firmly bound electrically with each other, and is 
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resistant to deterioration in performance. 
[0008] 

[MEANS FOR SOLVING THE PROBLEM] 

According to the present invention, there is provided an electric double-layer 
capacitor comprising- a sheet-shaped electrode containing a carbonaceous 
powder and a binder; and an organic electrolytic solution forming an electric 
double-layer on the surface of the electrode, wherein the electrode is bound 
with a current collector through a carbonic conductive layer containing a 
polycarbodiimide resin as a binder component, and there is also provided an 
electrode body used for the capacitor. 
[0009] 

Also, the present invention provide a method of producing an electric 
double-layer capacitor electrode, the method comprising' molding a mixture 
of a carbonaceous powder and a binder into a sheet form to form a 
carbonaceous electrode; binding the carbonaceous electrode with a current 
collector through a carbonic conductive layer containing a polycarbodiimide 
resin as a binder component; and heating the resulting product at 150°C or 
more. 
[0010] 

[EMBODIMENTS OF THE INVENTION] 

In this specification, a material obtained by integrating a carbonaceous 
electrode containing a carbonaceous powder and a binder with a current 
collector is called an electrode body. This electrode body is called a positive 
electrode body when used on the positive electrode side and a negative 
electrode body when used on the negative electrode side. 
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[0011] 

In the electric double-layer capacitor of the present invention, the binder 
contained in the carbonaceous electrode is a polycarbodiimide resin. The 
heat resistant temperature of this resin is generally in a range from 200 to 
400*^0 and this resin has high heat resistance. The polycarbodiimide resin 
is a generic name of resins having a carbodiimide group skeleton (-N=C=N-) 
at the primary chain and is superior in chemical resistance, mechanical 
characteristics, dimensional stability and electrical characteristics. 
[0012] 

The polycarbodiimide resin is melted and enters into a crosslinking reaction 
imder heating, whereby it is cured. Moreover, if a crosslinking agent 
having two or more reactive groups in its molecule is mixed in the 
polycarbodiimide resin and the mixture is heated, the polycarbodiimide 
resin is cured by heating in an efficient manner. The internal crosslinking 
reaction of the polycarbodiimide resin is, for example, one represented by 
the formula 1. 
[0013] 

Formula 1 

[0014] 

As the polycarbodiimide resin used in the present invention, specifically, 
polycarbodiimide resins represented by, for example, 
Ri-(-N=C=N-R2-N=C=N-)ni-R3 are preferably used. In the formula, Ri and 
R3 respectively represent a monovalent organic group, R^ represents a 
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divalent organic group and m denotes a positive integer. As mentioned 
above, the polycarbodiimide resin is preferably obtained by reacting raw 
materials including OCN-R2-NCO, Ri-NCO and R^ NCO. 
[0015] 

Examples of commercially available products of the polycarbodiimide resin 
include powder resins, solutions (varnish) obtained by dissolving resins in a 
solvent, paste'like resins containing no solvent and resins molded into a film 
form. Among these forms, the paste and varnish are preferable because a 
coating solution is easily produced. Examples of a commercially available 
varnish of the polycarbodiimide resin include "CARBODILITE" 
manufactured by Nisshinbo Industries, Inc. 
[0016] 

In the electric double-layer capacitor electrode body according to the present 
invention, the polycarbodiimide resin which is a binder component of the 
carbonic conductive layer has high heat resistance and therefore the 
electrode can be dried to remove moisture contained therein completely by 
heat treatment at high temperatiures or heat treatment under reduced 
pressure. Also, the polycarbodiimide resin is resistant to an organic 
electroljrtic solution and also, makes it possible to remarkably heighten the 
adhesive strength between the electrode sheet and the current collector even 
if a fluororesin is contained as the binder of the electrode sheet. For this, 
even if a charge and discharge cycle is repeated at a large current density 
and even if voltage is applied for a long period of time, the working 
performance of the electric double-layer capacitor is stable and an increase 
in the internal resistance of the electrode can be decreased. 
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[0017] 

The resin used for the binder component may also be used as a resin powder, 
as it is as a paste, as a slurry prepared by dispersing a powder of the resin, 
varnish containing the resin or the resin having a paste form or as a film 
prepared by molding it. As the conductive filler of the carbonic conductive 
layer, carbon black, graphite microparticles and the like may be used. 
Specifically, the carbonic conductive layer is formed between the electrode 
and the current collector and the electrode is boimd with the current 
collector. 
[0018] 

For example, the resin powder and the conductive filler (powder) are mixed 
with each other and the resulting mixtiure is scattered almost uniformly on 
the current collector. A sheet electrode produced separately is placed on 
the scattered mixture, which is then subjected to hot-pressing carried out at 
150° C or more, whereby the resin can be hot-melted to bind the electrode 
firmly with the current collector. 
[0019] 

Also, a conductive filler is sufficiently dispersed in a paste containing the 
above resin to make an adhesive. The resulting adhesive is dripped on and 
applied to the surface of the current collector by brush coating, or by using a 
spray, bar coater, doctor blade, gravure coater, comma coater, die coater or 
the like. Then, a sheet electrode produced separately is stuck under 
pressure to the surface of the adhesive, which is then heated at a 
temperatiure of, preferably 150®C or more and more preferably under 
reduced pressure, whereby the electrode can be bound firmly with the 
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current collector. Also, in the case of applying an adhesive, a heating 

method using a hot press may be used. 

[0020] 

Also, a conductive filler is dispersed in varnish containing the above resin 
and the resulting varnish is applied by cast coating to a base material made 
of glass or releasable paper. Then, the coating layer is heated at a 
temperattire lower than the temperature at which a crosslinking reaction 
takes place, specifically at 50 to 80®C, to produce a film. The resulting film 
is peeled firom the base material and is then placed on the current collector. 
Furthermore, a sheet electrode produced separately is placed on the film 
and is then hot-pressed at a temperature of 150®C or more to thereby 
hot'melt the resin, thereby binding the electrode with the current collector 
firmly. 
[0021] 

In the method mentioned above, the temperature in the case of carrying out 
hot-pressing is preferably 150®C or more, more preferably 150 to 250®C and 
still more preferably 200 to 250^0. Generally, a heatcurable type 
polycarbodiimide resin is cured at 150^0 or more. Also, because the heat 
decomposition temperature of the resin is 300°C or more, the hot-pressing 
temperature is preferably higher in a range firom 150 to 300**C taking only 
the polycarbodiimide resin into account. However, the heat resistant 
temperature of the binder contained in the sheet electrode must be taken 
into account. In the case of using, for example, PTFE as the binder, PTFE 
fibers are cut at temperatures exceeding 250**C and it is therefore necessary 
to carry out hot-pressing at a temperature of 250°C or less. 
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[0022] 

Also, the pressing pressure in the case of carrying out hot-pressing is 
preferably 3 to 50 MPa. The adhesion between the electrode and the 
current collector is more improved as the pressing pressure is increased. 
However, for example, in the case where a part of the current collector is not 
bound with the electrode but is used as a current collector tab, excess 
pressture causes a difference in the extension of the current collector 
between the part of the current collector tab and the part of the current 
collector with which part the electrode is boimd. This causes disorders 
such as curvature and breaking at the boimdary between these parts and 
excess pressure is undesirable. 
[0023] 

Also, the sheet electrode used above is a carbonaceous electrode obtained by 
molding a mixture containing a carbonaceous powder and a binder into a 
sheet form. As the binder, fluororesins are preferably used because it is 
highly resistant to an organic solvent. Among these fluororesins, PTFEs 
are particularly preferable. This PTFE is made into fibrous material in the 
production of the sheet electrode, which makes it possible to obtain a sheet 
electrode having high strength without increasing the resistance of the 
electrode. The PTFE is made into fibrous material by kneading a mixture 
of the carbonaceous powder and PTFE. Extrusion molding such as paste 
extrusion molding or screw extrusion molding may be used to make the 
fibrous material. 
[0024] 

In the present invention, the polycarbodiimide resin that is the binder 
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component is contained in an amount of, preferably, 10 to 70% and 
particularly preferably 20 to 50% based on the total weight of the carbonic 
conductive layer. When the polycarbodiimide resin is contained in the 
carbonic conductive layer in an amount of 10% or more, practically high 
binding strength is obtained. If this resin is contained too much, the 
electric resistance of the adhesive layer is increased and the amount of this 
resin is therefore preferably 70% or less. 
[0025] 

It is particularly preferable to use an organic electrolytic solution obtained 
by dissolving a quaternary onium salt comprising a quaternary onium 
cation represented by, for example, R1R2R3R4N+ or RiR2R3R4p+ (Ri, R2, R3 
and R^ respectively represent an alkyl group) and an anion such as BF4', 
PFe , CIO4 or CF3SO3 . 
[0026] 

As the above organic solvent, carbonates such as propylene carbonate, 
butylene carbonate and diethyl carbonate, lactones such as ybutjrrolactone, 
sulfolane and acetonitrile or mixed solvents of these compounds are 
preferably used. 
[0027] 

As the carbonaceous electrode material of the electric double-layer capacitor 
of the present invention, any material may be used insofar as it is an 
electrochemically inert material having a high specific surface area. It is 
however desirable to form the carbonaceous electrode by primarily using an 
activated carbon powder having a high specific surface area. Besides the 
activated carbon powder, materials having a large specific surface area such 
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as carbon black and polyacene are also used. Although the carbonaceous 
electrode is used in the present invention, it is known that, other than the 
above, materials having a high specific surface area such as metal 
microparticles and conductive metal oxide microparticles may also be used 
as the electrode material of the electric double-layer capacitor. 
[0028] 

Also, other than the embodiment in which the carbonaceous electrode is 
used as each of the positive and negative electrodes to make the electric 
double-layer capacitor, the carbonaceous electrode is used as only one of the 
positive and negative electrodes and a non-carbonaceous powder electrode 
material, specifically, secondary battery activated material, which can be 
charged and discharged may be primarily used as the reminder electrode. 
[0029] 

Any material may be used as the above current collector that is electrically 
connected with the carbonaceous electrode insofar as it is a material having 
high conductivity and electrochemical durability. As the current collector, 
valve metals such as aluminum, titanium and tantalum, stainless steel, 
precious metals such as gold and platinum and carbon type materials such 
as graphite, glassy carbon and conductive rubber containing carbon black 
are preferable. 
[0030] 

[EXAMPLES] 

The present invention will be further described by way of examples 
(Examples 1 to 4) and a comparative example (Comparative Example 5), 
which, however, are not intended to be hmiting of the invention. 
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[0031] 
[Example l] 

An activated carbon powder (average particle diameter- 10 |im, specific 
surface area- 2000 m^/g) obtained using a phenol resin as a raw material by 
a steam activation method and PTFE and carbon black were mixed in a 
ratio by weight of 8 - 1 • 1 and ethanol was added to the mixture, which was 
then kneaded. Then, the kneaded product was molded into a sheet form, 
which was further rolled to a thickness of 0.3 mm to cut a 40-mm-square 
electrode sheet out of the rolled sheet. 
[0032] 

Next, 63 g of 4,4''diphenylmethanediisocyanate, 6.7 g of phenylisocyanate 
and 0.14 g of 3-methyl-l-phenyl-2-phosphorene 1-oxide were mixed in 230 g 
of xylene and the mixture was reacted at 110**C for 12 hours, to obtain a 
solution (resin concentration- 20% by weight) of a polycarbodiimide resin. 
The resin which was a solute had the structure shown by the formula 2, 
wherein n is a positive integer. 
[0033] 

Formula 2 

[0034] 

120 g of graphite microparticles, 120 g of carbon black and 460 g of xylene 
were mixed in 300 g of the above resulting solution and these components 
were mixed in a ball mill for 12 hours to obtain a conductive adhesive 
having a sohd content of 30% based on the total weight (the proportion of 
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each component of the soHd content- polyceurbodiimide resin • graphite 

microparticles - carbon black = 20 • 40 • 40). 

[0035] 

Then, the above conductive adhesive was appUed to the surface of a 
0.1-mm-thick aluminum foil which had been subjected to etching treatment 
and the above electrode sheet was stuck to the coated surface under 
pressure. The resulting electrode body was heated at 250®C under reduced 
pressiu'e for 3 hours to carry out drying treatment, to thereby obtain an 
electrode body from which moistiure in the electrode was removed. 
[0036] 

Next, this electrode body was transferred to a gloved box filled with argon 
gas and the electrode was fully impregnated with an organic electrolytic 
solution comprising a propylene carbonate solution containing 1 mol/L of 
tetraethylammoniiun tetrafluoroborate. A pair of electrodes which were 
each the above electrode were disposed such that the surfaces of the both 
which surfaces were not respectively bound with the electrode sheet were 
facing each other through a separator paper made of polypropylene fiber 
nonwoven fabric, to thereby fabricate an electric double-layer capacitor. 
[0037] 

The initial discharge capacity and internal resistance of the obtained 
electric double-layer capacitor were measured. Then, a charge and 
discharge operation performed under a constant current of 1 A in a voltage 
range from 0 to 2.8 V was repeated for a total of 3000 cycles in a constant 
temperature bath at 40°C to measiu*e the discharge capacity and internal 
resistance after 3000 cycles and to observe a change in characteristics of the 
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capacitor after 3000 cycles from those in the initial stage, thereby 
evaluating the long-term operational reliability of the electric double-layer 
capacitor in an accelerated test. The results are shown in Table 1. 
[0038] 
[Example 2] 

500 g of hexane was added to 300 g of the polycarbodiimide resin solution 
obtained in Example 1 to precipitate a sohd, and the precipitated solid was 
collected by filtration and dried at 150*^0 under vacuum for 2 hours to obtain 
a polycarbodiinaide resin. 20 g of the polycarbodiimide resin, 40 g of 
graphite microparticles and 40 g of carbon black were formulated and mixed 
by a ball mill for 12 hours to obtain a mixture powder (polycarbodiimide • 
graphite microparticles - carbon black = 20 - 40 • 40). 
[0039] 

The above mixture powder was scattered on the surface of a current 
collector made of a O.l-mm thick aluminiun foil which had been subjected to 
etching treatment in an coating amount of about 150 g/m^. The same 
electrode sheet that was used in Example 1 was placed on the mixture 
powder to apply a pressiu-e of 4.8 MPa to the surface of the sheet by a hot 
press heated to 150^0 for 10 minutes, and an electrode body was thus 
obtained. An electric double-layer capacitor was fabricated in the same 
manner as in Example 1 except that this electrode body was used and 
evaluated in the same manner as in Example 1. The resxilts are shown in 
Table 1. 
[0040] 
[Example 3] 
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CARBODILITE AF-F4 (trade name, made by Nisshinbo Industries, Inc.) 
was used as a paste-like polycarbodiimide resin and graphite and carbon 
black were used as conductive fillers to obtain a conductive paste having the 
following composition- CARBODILITE • graphite microparticles - carbon 
black = 20 - 40 • 40. Then, this conductive paste was apphed to the surface 
of a 0.1-mm-thick aluminum foil which had been subjected to etching 
treatment, by using a bar coater in a coating amount of 15 g/m^ and the 
same electrode sheet that was used in Example 1 was placed on the coating 
layer, followed by heating at 160*^0 for 20 minutes to obtain an electrode 
body. An electric double-layer capacitor was fabricated and evaluated in 
the same manner as in Example 1. The results are shown in Table 1. 
[0041] 
[Example 4] 

125 g of 4,4'-diphenylmethanediisocyanate and 0.3 g of 
3-methyl-l-phenyl-2-phosphorene 1-oxide were poured into 2000 g of 
tetrahydrofuran and the mixture was refluxed under heating at 60°C for 25 
hours to react, thereby obtaining a polycarbodiimide solution. 50 g of 
graphite microparticles and 50 g of carbon black were mixed and dispersed 
in this solution. Using the obtained slurry, it was formed as a film by 
casting and then dried at 60^C for 5 hours to remove solvents, thereby 
obtaining a 20-^m -thick film. 
[0042] 

This film was placed on the surface of a current collector made of a 
0.1-mm-thick aluminum foil which had been subjected to etching treatment. 
The same electrode sheet that was used in Example 1 was placed on the film 
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to apply a pressure of 4,8 MPa to the surface of the sheet by a hot press 
heated to 150®C for 10 minutes, and an electrode body was thus obtained. 
An electric double-layer capacitor was fabricated in the same manner as in 
Example 1 except that this electrode body was used and evaluated in the 
same manner as in Example 1. The results are shown in Table 1. 
[0043] 
[Example 5] 

A conductive adhesive in which graphite microparticles and carbon black 
were mixed was obtained in the same manner as in Example 2 except that 
300 g of a solution (solid content* 20%) obtained by dissolving a 
polyvinylidene fluoride resin in N-methyl-2-p3rrrolidone was used in place of 
the polycarbodiimide resin solution. Because the polyvinylidene fluoride 
resin had a heat resistant temperature of IGO^'C or less, it was heated at 
120*'C under vacuum instead of heating it at 250°C under reduced pressure. 
An electrode body was obtained in the same manner as in Example 1 except 
for the above process. An electric double-layer capacitor was fabricated and 
evaluated in the same manner as in Example 1. The results are shown in 
Table 1. 



[0044] 
[Table l] 





Initial characteristics 


After cycle test 


Capacitance/F 


Internal 
resistance/Q 


Capacitance/F 


Internal 
resistance/Q 


Ex. 1 


16.8 


0.48 


15.9 


0.56 


Ex. 2 


16.3 


0.46 


15.5 


0.51 
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Ex. 3 


15.6 


0.53 


14.4 


0.63 


Ex. 4 


15.8 


0.55 


15.3 


0.59 


Ex. 5 


15.1 


0.62 


8.8 


1.08 



[0045] 

[EFFECT OF THE INVENTION] 



The electric double -layer capacitor of the present invention is significantly 
resistant to a deterioration in capacitance and to a rise of internal resistance 
when a charge and discharge operation is repeated under test conditions 
which accelerate a deterioration at a high temperature and is also superior 
in operational reliabiUty when it is used for a long time. 
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